Sex steroid levels increase during sexual maturation and cause alterations in many physiological and morphological traits. Some of these changes may be connected with age-dependent and intersexual differences in the immune system. This topic is still insufficiently understood, especially in avian species, partially due to methodological limitations. In this study we measured the gene expression of proinflammatory cytokines (IL-1β, IL-6, IL-18) and chemokines [K60 (IL-8-like chicken chemokine -CXCLi1), CAF (IL-8-like chicken chemokine -CXCLi2), and K203] in mononuclear cells isolated from blood and spleen after in vitro stimulation with lipopolysaccharide (LPS). Samples were collected from chickens at two ages (from pullets before sexual maturity and from sexually mature egglaying hens). After LPS stimulation, a substantial increase was recorded in the gene expression of IL-6 and K203. All other measured genes were expressed at low levels in mononuclear cells irrespective of cell sources. We found a trend toward intersexual differences in K203 expression, but the expression of other cytokines and chemokines did not differ between the two sexes. The effect of stimulation was more pronounced in monocytes than in spleen macrophages, mainly in IL-6, IL-1β and K203 gene expression. Our findings represent a basis for further studies on the effects exerted by sexual hormones on the immune phenotype of birds.
The mechanisms mediating the effects of sex hormones on the immune system are largely unidentified. Studies in mammals indicate that gonadal steroids may modulate the activity of the immune system, among other effects by influencing the proliferation and activity of lymphocytes (Landsman et al., 2001; De León-Nava et al., 2009 ). Since macrophages possess receptors for gonadal steroids (Wunderlich et al., 2002; Khan et al., 2005; Murphy et al., 2009) , another possible mechanism might be the alteration of cytokine and chemokine production. Production of cytokines may be modulated by the administration of substances stimulating the immune system, such as lipopolysaccharide (Leshchinsky and Klasing, 2003) , which enables more detailed studies also at the level of gene expression.
Most conclusions on intersexual differences in immune system activity are derived from mammals, and data from avian species are insufficient. This gap results partially from the methodological limitations of immunological research in birds. The sequencing of genes for chicken cytokines and chemokines has provided a further tool for the evaluation of immunity in avian models. Gene expression of a wide variety of these inflammatory mediators was measured under basal conditions (Swaggerty et al., 2008) as well as after stimulation by pathogens in order to evaluate innate and adaptive immunity (Wigley et al., 2006; Kogut et al., 2013) . In the present experiment, we validated quantitative PCR procedures for the evaluation of sex-and age-specific effects on gene expression of selected proinflammatory cytokines and inflammatory chemokines in phagocytic mononuclear cells isolated from the blood or spleen tissue of domestic chickens.
Materials and methods

Animals and housing
Non-SPF, female and male White Leghorn chickens of the M11 line (B x2x /B x2x ), derived from the Institute for Animal Science, Mariensee, Germany (Hartmann, 1988) , were used in this study. Chickens were kept under standard conditions at the Department of Animal Physiology, Veterinary Faculty, Ludwig-Maximilians-University (LMU) Munich. The birds received feed and water ad libitum in all experiments. Samples were collected at two ages, from young pullets and cockerels before sexual maturity (7-11 weeks of age; females: n = 4; males: n = 3), and adult, sexually mature egg-laying hens and mature cocks (28-29 weeks of age; females: n = 3; males: n = 3). Blood collection was authorised by the Regierung von Oberbayern (Az. 55.2-1-54-2532.6-12-09). Concentrations of plasma testosterone and oestradiol were measured by direct radioimmunoassay.
Acta Veterinaria Hungarica 64, 2016 Sample collection and macrophage cell culture Blood for hormone measurement (approx. 2 ml) was collected into heparinised syringes from the jugular vein, and plasma was separated after centrifugation with 2000 g at +4 °C for 10 min. Blood after decapitation (10-30 ml) was used for white blood cell (WBC) isolation. The spleen was dissected into a Falcon tube with cold phosphate buffered saline (PBS) and subsequently homogenised with a syringe plunger through a sterile sieve. Isolation of macrophages was performed by density gradient centrifugation, using Biocoll Separating Solution (Biochrom AG # L6115). Briefly, blood or spleen homogenised in PBS was loaded on top of Bicoll solution and centrifuged (12 min, 650 g, room temperature) in order to separate WBC. The obtained WBC were washed with PBS, resuspended in medium (RPMI + 10% FBS + 1% penicillin/streptomycin). Cells were checked for viability (10 µl of trypan blue + 10 µl of cell suspension), counted and seeded on three 100-mm dishes for both tissues (10 ml of cell suspension with 2.0 × 10 8 cells per dish). Dishes were incubated for 48 h at 40 °C and 5% CO 2 . After two days, macrophages had attached to dishes and cell debris was washed off with sterile PBS. The first dish was stimulated with 10 μg/ml of lipopolysaccharide (LPS; SigmaAldrich, Cat. No. L3012). The second dish was treated with 10 μg/ml LPS + Interferon-γ; at a dilution of 1:100 with RPMI medium (Weining et al., 1996) . The third dish remained untreated as control. Macrophages were further incubated for 24 h at 40 °C and 5% CO 2 . After incubation, cells were washed with sterile PBS and harvested with a cell scrape, using TriFast solution (PeqLab, Cat. No. 30-2020) to preserve nucleic acids. Samples were incubated for 10 min at room temperature and subsequently stored at -20 °C until mRNA extraction.
Radioimmunoanalysis
Hormone concentrations were measured by radioimmunoassay (Zeman et al., 1986) without extraction in males and after extraction with a mixture of diethyl ether/petroleum ether in females (Okuliarova et al., 2011) . Testosterone was measured using [1, 2, 6, H(N)]-testosterone (Perkin Elmer, USA, specific activity 63.47 Ci/mmoL) and the specific antibody generated in rabbits against testosterone 3-(O-carboxymethyl)oxime bovine serum albumin (BSA) conjugate (Zeman et al., 1986) . Bound and free fractions were separated with dextrancoated charcoal and centrifuged with 3000 g at +4 °C for 10 min. The intra-assay variation coefficients were 10.8% and 3.8% for males and females, respectively. The sensitivity of the testosterone assay was 0.60 pg/tube. Oestradiol in plasma extracts was assayed using the same procedure as testosterone. As radiotracer, [2,4,5,7- 3 H]-oestradiol (Perkin Elmer, USA, specific activity 72,1 Ci/mmol) was used. Specific antibody was generated in rabbits, and its cross-reactivity with all relevant steroids was below 1%. The intra-assay variation coefficient was 4.0% and the sensitivity of the oestradiol assay was 0.60 pg/tube.
Molecular analyses
Isolation of RNA was performed according to the manufacturer's instructions. Concentration and purity of isolated mRNA was evaluated with a NanoDrop spectrophotometer (ND-1000 Spectrophotometer; peqLab Biotechnologie GmbH). Integrity of mRNA was evaluated with a Bioanalyzer (Agilent, 2100 Bioanalyzer, G2939A, Serial #DE54700226), accepting RIN values > 8 for further analysis. Isolated mRNA was treated with DNase I, RNase free (Fermentas, A5000). Synthesis of cDNA was performed with GoScriptTM Reverse Transcription System (Promega; A5001) according to the manufacturer's instructions (amount of mRNA: 400 ng; reaction volume: 20 µl). Prepared cDNA was stored at -20 °C before running a PCR.
The analysis of gene expression was performed on a 7300 Real Time PCR System (Applied Biosystems, #273001422), using SYBR-Green Mastermix (Promega; A6001) with additional reference dye (Promega; C5411). We used the primers listed in Table 1 at a concentration of 300 nM. We used mitochondrial ribosomal protein L24 (MRPL24) as a housekeeping gene in this evaluation. Table 1 List of primers used in the real-time polymerase chain reaction Gene Sequence Primers Product length
The reaction mixture contained 10 ng of cDNA in a total volume of 25 µl. The reaction was optimised for all primers under real-time PCR conditions given in Table 2 . The SDS 2.2.2 programme (Applied Biosystems) was used for evaluating the real-time PCR results in order to get Ct values. ΔCt values were obtained by normalising reference genes to a housekeeper MRPL24. Afterwards, the control and the LPS-stimulated group were compared to gain ΔΔCt values. The formula 2^ΔΔCt was used for the calculation of gene expression. Results were evaluated by non-parametric statistics (Mann-Whitney test). Age differences in the concentrations of hormones were evaluated by t-test for independent samples.
Results
Plasma steroid hormone concentrations determined in sexually immature and adult birds are shown in Fig. 1 . Increased levels of both testosterone and oestradiol were found in adult females as compared to young pullets (testosterone: t = -3.639, df = 7, P < 0.01; oestradiol: t = -4.469, df = 7, P < 0.01). The increase in plasma testosterone levels in males was not significant, due to the high variability found in mature cocks.
The gene expression of proinflammatory cytokines (IL-1β, IL-6, IL-18; Fig. 2 ) and inflammatory chemokines (K60, CAF, K203; Fig. 3 ) was measured in immune cells isolated either from the blood or from the spleen after in vitro stimulation with LPS. Comparison of the two sexes revealed no significant differences between males and females. Intersexual differences in K203 expression were close to the level of significance (P = 0.08) in the group of young chicks. Young males tended to have higher K203 expression in comparison with females (Fig. 3) . In adulthood this tendency disappeared.
Clear differences were observed between blood and spleen cells. The most distinct difference was seen in IL-6 gene expression. Monocyte-derived macrophages exhibited significantly higher expression of IL-6 in almost all groups (young females: P < 0.05; adult females: P = 0.127; young males: P < 0.05; adult males: P < 0.05) (Fig. 2) . Tissue differences were apparent also in IL-1β expression in young females (P < 0.05) (Fig. 2) and in K203 chemokine expression in young males (P < 0.05) (Fig. 3) . Fig. 1 . Plasma testosterone and oestradiol levels in young (7-11 weeks old; n = 4) and adult (28-29 weeks old; n = 3) chickens. a: plasma testosterone levels in males; b: plasma testosterone levels in females; c: plasma oestradiol levels in females.
Dots represent exact values. Overlapping values are presented as one dot
Discussion
In this study, gene expression of proinflammatory cytokines (IL-1β, IL-6, IL-18) and inflammatory chemokines (K60, CAF, K203) was measured in chicken mononuclear phagocytic cells after in vitro stimulation with lipopolysaccharide. These genes were selected on the basis of previous studies demonstrating the capability of LPS to stimulate production of proinflammatory cytokines and inflammatory chemokines in vivo (Nakamura et al., 1998; Sijben et al., 2001; Leshchinsky and Klasing, 2003) and in vitro (Fiorentino et al., 1991; Sick et al., 2000) .
In this experiment, immune cells from both tissues expressed all the cytokines analysed, although some of them (IL-1β, IL-18, CAF) were found to be present at low levels. After LPS stimulation, the strongest induction of gene expression was observed for IL-6 and K203. IL-6 was reported to elicit a febrile response in chicken (Marais et al., 2011) similarly as in mammals (Heinrich et al., 1990) . In addition to its involvement in inflammation and innate immunity, IL-6 modulates the activity of cells ensuring acquired immune responses (Diehl et al., 2000; Jones, 2005) . Moreover, IL-6 is involved in the stimulation of the hypothalamic-pituitary-adrenal axis, since intravenous administration of purified chicken IL-6 resulted in an increase of circulating corticosterone levels (Schneider et al., 2001) . Cytokine K203 belongs to the CC subfamily of chemokines and its gene expression was previously induced by in vitro treatment of chicken cell lines with LPS, chicken IL-1β and IFN-γ (Sick et al., 2000) . K203 is considered to be an orthologue of human chemokine CCL16 (Hughes et al., 2007) . CCL16, also called a liver-expressed chemokine, is a powerful stimulator of macrophages. This stimulation leads to an enhanced differentiation of naïve T cells and a consequent increase in specific cytotoxicity caused by mature T cells in mice (Cappello et al., 2004) . Our results suggest that these two genes are good candidates for use in evaluating the effects of sex steroid hormones on the immune system in birds. In addition to a cluster of immunologically active substances, we also analysed the responses of different subpopulations of phagocytic mononuclear cells and measured cytokines produced either by mononuclear cells derived from the blood (monocytes) or the spleen (macrophages). It is possible that our cell culture contained also other cells, such as dendritic cells (Quéré et al., 2013) or thrombocytes (Scott and Owens, 2008) , which may have also contributed to the overall mRNA pool. Nevertheless, blood-derived monocytes responded to LPS stimulation by a higher increase in the gene expression of proinflammatory cytokines and chemokines (especially IL-6, IL-1β and K203) than did spleen macrophages (Figs 2 and 3 ). Although these two subpopulations belong to one population of phagocytic cells, they are localised in different environments with specific regulatory signals. Monocytes circulate in the bloodstream and react to proinflammatory, metabolic and immune stimuli. Afterwards, they penetrate through the vascular endothelium into tissues, where they specialise according to the local environment (Van Furth et al., 1972) . Resident macrophages show a high level of specialisation (Gordon and Taylor, 2005) as indicated by their localisation in different spleen compartments. There are several different groups of these cells which perform various functions from the recognition and clearance of blood-borne pathogens (van der Laan et al., 1999) to the production of cytokines (den Haan and Kraal, 2012) . Blood monocytes are fully functional cells of the immune system but not so narrowly specialised, and they might respond more strongly to stimulation with LPS than tissue macrophages. Therefore, they seem to be good candidates for the identification of intersexual differences. However, we did not phenotype the isolated cells, so we cannot be completely sure that our adherent cell culture contained solely mononuclear cells.
Our results indicate a tendency (P = 0.08) to intersexual differences in the gene expression of chemokine K203 in the group of young birds (Fig. 3) . Other cytokines and chemokines did not differ significantly between the two sex or age groups. Intersexual differences in cytokine gene expression were previously described in mice. Differences in basal gene expression of IFN-γ and IL-4 were observed under in vivo conditions. These data were also supported by in vitro experiments proving significant effects of female gonadal hormones (but not testosterone) on the gene expression levels of these cytokines in splenocytes. On the other hand, the same study found no evidence for an effect of sex on gene expression levels of IL-2 or IL-6 (De León-Nava et al., 2009) . Other in vitro studies revealed stimulation of the gene expression of IL-2, IL-3 and IL-5 by both female and male gonadal steroids in human T-cell lines (Wang et al., 1993) . In murine splenic macrophages, 17β-oestradiol down-regulates the LPS-induced production of IL-1α, IL-6 and TNF-α. However, the gene expression of IL-10, IL-12, and macrophage inflammatory protein was not affected (Deshpande et al., 1997) . In our pilot study we validated real-time PCR for the quantification of immune cell response after LPS stimulation. We quantified relative mRNA levels of several different cytokines and chemokines which were previously demonstrated to play a role in the immune response in chickens Swaggerty et al., 2008; Kogut et al., 2013) . The evaluation of gene expression alone does not automatically prove that also the active protein is present. However, the available literature suggests that this method is very sensitive and higher mRNA expression is associated with the resistance of animals to various pathogens (Wigley et al., 2006; Kogut et al., 2013) . Because of the higher number of analysed genes we included only a small number of experimental animals. Therefore, the non-significant differences found between the groups might result from the low number of animals and the high variability of immunological parameters. In conclusion, mononuclear phagocytic cells isolated from blood and spleen responded to in vitro LPS stimulation by the increased gene expression of proinflammatory mediators (especially IL-6 and K203). Generally, the effect of stimulation was more pronounced in monocytes than in spleen macrophages. We found a trend to intersexual differences in the gene expression of chemokine K203. Our study provides the first insight into avian intersexual and agedependent differences in the gene expression of cytokines and chemokines. The findings represent a basis for further investigations into the effect of sex hormones on immune phenotypes of birds, and more data are needed for identifying the key molecules and processes.
